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Non'mb"r/ Oecl'mbl'r 1968

HYDROLOGY OF A KARST WATERSHED
IN THE MISSOURI OZARKS
by THOMAS ALEY, U.S. Forest Service
Description
Hurricane Creek, a tOpographic basin of 302 square kilometers, is tributary to the
Eleven Point River in the southern Missouri Ozarks (Figure 1). Elevations range from 160
to 350m, and the axis of the elliptical area is oriented northwest-southeast with surface
flow toward the southeast. The tOpographic watershed is located in Shannon, Oregon, and
Carter Counties, Missouri; most of the area lies within the borders of the Mark Twain
National Forest.
Mean monthly temperatures in the area normally range from 2°C in January to 26 0
in July. The mean annual temperature is 14°C. Mean monthly precipitation ranges from
a December average of 7.5cm to 14.2cm in May. The mean annual precipitation is 112.2
cm (US.E.S.S.A., 1966) .
Eighty-one percent of the area overlies the Roubidoux formation of Ordivician age,
which in this region is predominately sandstOne. The major valleys and hollows in the area
have cut into the Gasconade formation of Ordivician age, a predominately massive dolomite.
Two physiographic zones are defined in the area: (1) the uplands and rolling hills
and (2) the dissected lands. Approximately 60 % of the area lies in the uplands and
rolling hills zone, immediately underlain by the Roubidoux formation. The dissected
lands, found on the lower portions of the watershed, comprise the remaining 40 % . This
zone contains steep slopes immediately overlying both the Roubidoux and Gasconade
formations, in addition to broad alluvial valleys overlying the Gasconade formation.
Sinks are abundant in the uplands
and rolling hills zone. One of the largest
sinks on the watershed is about 400m in
diameter and 25m deep. The sinks are ap parently due to collapse in the Gasconade
formation, which has resulted - through
stOping - in slumping of the Roubi doux. Rock outcrops are uncommon in
this zone, because most of the area is covered with a considerable depth of residuum exceeding 60m in some areas.
This residuum is derived predominately
from weathering of the Roubidoux.
Some sinks exist in the dissected
lands zone, but they are typically smaller
than those in the uplands and rolli ng hills.
Portions of the Hurricane Creek valley
show evidence of coalescing sinks. Stream
cut-offs are common in the area.
,
Valley bottoms are typically broad
and relatively flat with poorly developed
Figure I. Hurr icane Creek topographic
terraces. The alluvium and residuum fillwatershed .
ing the valleys is locally 20m or more
10~",
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thick. Slumping of the valley fill due ro underground removal of thl' fill or solution in
the underlying Gasconade occurs, but the slumps are rapidly obliterated by surface streams.
Characteristics of water flow on Hurricane Creek
Most of the soils in the uplands and rolling hills zone have high percolation rates
and deep hori zons. Percolation rates average 1l.7cm/hr, and bedrock is seldom present
in the upper l. 5m of soil. Overland runoff occurs only after prolonged or very intense
rains, or when rai n falls on frozen ground. Most of the annual precipitation replenishes
soil moisture srorage and is subsequently transpired or evaporated. The remaining water
percolates downward through the residuum and ultimately enters solution channels in
the Gasconade formation . Wells must be drilled below the Roubidoux formation ro assure
adequate domestic supplies, and no significant springs occur in the Roubidoux formation
or at its contact with the underlying Gasconade. From these observations I conclude that
there is no significant lateral subsurface water transport in the Roubidoux formation. Once
water reaches the Gasconade form ation it travels through well integrated solution channels until ultimately discharged as spring flow. Cave streams in the area cusromarily have
gradients ( typically 2 ro 3m/km) which are more gentle than surface stream gradients
(typically 3 ro 5m/km) .
The dissected lands can be subdivided into two areas: the side slopes and the valley
bot roms. Most of the side slopes are steep and retain only shallow soils. The slope soils
have 50 ro 75 % of the water storage capacity characteristic of the upland soils. Runoff,
barh surface and subsurface, normally occurs several times during the year.
Valley borroms overlying the Gasconade formation behave differently. They produce
little if any surface runoff because of high percolation rates (on the order of 15 ro
20 cm/hr ) and deep alluvium and residuum. I estimate that 40 % of the annual precipitation reaches ground-water supplies. On the Hurricane Creek watershed much of the
botromland is covered with deep rooted vegetation such as pines, (PinttJ echinata), or
even phrearophytes such as sycamore, (Platam(.s occidentalis ). In areas with deep rooted
or phrearophytic vegetation one can expect that 15 ro 25 % of the precipitation will reach
ground-water supplies. In this connection, Gatewood, et. al. ( 1950) found that evapotranspiration losses in the Gila River bottom lands of Arizona were approximately six
times as great with phrearophytic vegetation as with bare soil.
Spring hydrographs
Continuous recorders are in operation at McCormack and Falling Springs. Records of
McCormack Spring are avai lable from June 1965 ro 1968; records are available for Falling
Spring from Ocrober 1966 ro 1968. There is no surface flow upstream of either of the
gages, except possibly at McCormack Spring during severe floods.
McCormack Spring hydrograph analysis
McCormack Spring, located adj acent ro the Hurricane Creek ropographic watershed,
discharges from a small pond in the middle of an alluvial-filled valley bottom immediately
50
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underlain by the Gasconade formati on. My seismIC investigations indicate valley fills of
1 to 2m depth in this area. During periods of heavy flow a second spring outlet about 60m
upstream of the perennial outlet contributes water to the gaging station. I find that the
temperature and conductivity of these twO sources are nearly identical ; they are, therefore,
considered to be different outlets of the same spring.
The watershed area drained by McCormack Spring is charaCterized by relatively deep
soils. I have estimated the availab le soil moisture storage capacity of these soils to be
1O.Ocm for the purpose of th e following water balance. Surface flow from this watershed
occurs infrequently, and then only during periods of intense or prolonged precipitation,
or at times when the ground is frozen. The vegetation of the watershed is mixed hardwoods
(mostly oaks, Qtterct(,s sp. ) and pine (Pinm echinata).
Figure 2 shows the daily flow hydrograph for McCormack Spring for the period
August 1966 through July 1967. Shortly after heavy storms a rapid increase in spring
discharge occurs.
A water balance was calculated for the McCormack Spring watershed beginning at
the end of July 1966. Figures used for precipitation were weighed averages for the Hurricane Creek topographic watershed and were based on continuous records from six automatic precipitation gages operated by the U.S. Forest Service. Potential evapotranspiration
was calculated from temperature records at the Birch Tree Weather Bureau station. A
daily water balance was used following procedures and tables of Thornthwaite (1957).
Except for one modification described below, the general procedures outlined in earlier
papers (Aley, 1963 & 1967) were follo wed in this water balance. The monthly predicted
yield (Qgen) is ploned in Figure 2 and listed in T able 1.
Potential evapotranspiration values increase rapidly in March and April. Since deciduous vegetation is leafless during this period, the potential evapotranspiration rates are
characteristically higher than actual rates. A study of vegetation maps for this area assumed
to be tributary to McCormack Spring indicated that approximately 30 % of the vegetative
cover is coniferous and 70 % deciduous. It was assumed that during March and April evapo-
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transpiration from the deciduous area would be very small, and that most of the evapotranspiration wou ld occur among the conifers. Thus, for the period March 1 through April 30
potential evapotranspiration rates were reduced to 1/3 of the calculated value. Since after
the end of April most of the deciduous vegetation is in leaf, no adjustments were applied.
The first autumn frost capable of killing most of the leaves on the deciduous vegetation occured near the middle of OctOber. I assumed that the potential evapotranspiration
rate from this time until the end of April should be reduced to reflect the percentage of
coniferous vegetation. If this were done for the McCormack Spring water balance we would
derive a predicted yield of 4.0cm from the early December storm. Comparison with actual
flow at this spring indicates that this predicted yield is not realistic and did not occur. The
predicted yield of 0.2cm, derived by using the calculated potential evapotranspiration rate,
gave much more accurate results. The explanation is either that the potential evapotranspiration rate is realistic for this late fall period or that the soil moisture storage capacity
is greater than the assumed lO.Ocm. Since the predicted yield of 0.2cm for early December
fits observed conditions, no changes will be made in the potential evaportranspiration rate
for the period October 15 through November 30.
December through February are the coldest months 'in the Ozarks. The soil is normally
frozen a few centimeters below the surface, and water is typically found during the warmer
hours near the surface of the soi l, where it can easily evaporate. An average of 25cm of
snowfall occurs during this period. I have found that essentially all of this moisture is
lost to the atmosphere through sublimation and evaporation. For these reasons I have
nor reduced the porential evapotranspiration rates for these three months.
Predicted yield calculated from the daily water balances is compared with the gaged
discharge from McCormack Spring (see Figure 2) . There is a close correlation between the
two graphs, and whenever actual flows increased yields were predicted.
On December 22, snow with a water equivalent of 1.5cm feli on the watershed. The
water balance indicates that that yield should have occurred from this storm. However, no
corresponding increase in the discharge at McCormack Spring occurred. Sublimation from
the snowpack apparently accounts for this discrepancy. A similar event occurred on February 16, 1967, when snow with a water equivalent of l.4cm fell. The effect of this snowfall
was again undiscernible in the discharge records from McCormack Spring.
During the period Augusr 1 through December 3 only trivial short term increases
in spring disch arge from McCormack Spring occurred. Similarly, the water balance prepared for this period shows no predicted yield, predominately because of high evapotranspiration rates. Rain storms too small to completely fill the assumed soil moisture reservoir
of the basin do nor appear to yield spring flow. The only exception is found in the slight
increase in spring flow at McCormack Spring on August 19 and 20. The maximum increase is only 57xlO"'m"/sec or 0.2fr"/sec. Precipitation for the period of August 15
through 20 was 9.8cm; total precipitation for the month of August 1966 was 17.4cm.
On September 26, 1966, a storm of 4.06cm, pteceded by 0.58cm of precipitation on
the 25th, produced no appreciable effect on the discharge of the spring.
The water balance for McCormack Spring illustrates that water balances are a valid
technique for predicting the effects of storms on the recharge of groundwater in this area.
Falling Spring hydrograph analysis
For comparison purposes, water balances were prepared on a daily basis for Falling
Spring. This sp ring is located within the topographic basin of Hurricane Creek and discharges from a solution opening in the Gasconade formation. The watershed area for this
spring is an area of shallow soils with abundant exposed bedrock. The vegetation of the
area is sparce, consisting of a few hardwoods such as persimmon (D i oJpyroJ virginiana)
mixed with the predominant cedar (j1tn ipe'fttJ virgini ana). The soil moisture storage capacity is estimated to be 2.5cm. The response of the spring to precipitation is rapid. A
hydrograph of the spring for portions of 1966 and 1967 is shown in Figure 3. A tabulation
of predicted water yields is provided in Table l.
Precipitation figures used in this water balance are from the Falling Spring precipitation station, located about 600m from the spring. Temperature data are from the Birch
52
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Falling Spring

McCormack Spring

Predicted yield
Month

{em depth over

watershed)

Actual
yield
(m 3 )

Predicted yield
(em dep th over
watershed)

Actual

yield
(m 3 )

1966

*
*

August

0.0

34,050

8.6

September

0.0

28,930

1.8

October

0.0

22,240

0.0

November

0.0

16,560

0.6

6,810

December

3.9

32,040

7.6

19,050

8,130

1967

January

3.9

46,150

3.5

29,170

February

4.8

67,640

4.5

28,470

March

1.8

74,530

1.4

34,710

April

2.2

37,300

0.3

14,890

May

3.3

94,010

3.3

55,930

June

0.0

34,560

0.0

15,520

0.0

--

14,550

--

0.0

--

19.9

502,560

JulY**
TOTAL

Table 1.

--

31.6

10,143

Incomplete

Water yield for McCormack and Falling Springs: August 1, 1966 to July 30,

1967.

Tree Weather Bureau station, and the procedures followed in the water balance calculations are the same as those used for McCormack Spring except for the adjustment of
potential evapotranspiration for March and April. At McCormack Spring the evapotranspiration rates for these months were reduced to 1/3 of the value derived from the Thornthwaite tables (Thornthwaite, 1957). This adjustment was based on the observation that
2/3 of the watershed area of this spring was covered with deciduous vegetation, and during
the period, these plants would be dormant. On the Falling Spring watershed coniferous
vegetation accounts for approximately 60 % of the total cover. Thus, for March and April
the potential evapotranspiration rate is reduced by 40 % , equivalent to the proportion of
deciduous vegetation in the area.
Results similar to those found for McCormack Spring are found when predicted yield
from the water balance (see Figure 3) is compared with gaged spring flow. Table 1 lists
monthly predicted yields. The two snowstorms (December 22 and February 16) produced
calculated yields from the watershed, but did not produce an increase in spring flow. It
will be remembered that these snowstorms also failed to produce an increase in the flow
of McCormack Spring. Snowfall in the Ozarks is probably of little value in recharging
ground-water supplies. This is not of major consequence since average annual snowfall
in this portion of the Ozarks equals approximately 25.4cm (Decker, 1963), with a moisture
equivalent of about 2.5cm.
It is interesting to note that predicted yields in December, although nearly as large
as those in January and May, did not produce peak flow as high as the storms later in the
water year. This indicates that portions of the watershed have deeper soils that were not
fully saturated until after the late December storms.
At Falling Spring, with the exception of snowstorm periods, whenever there was
predicted yield from the water balance calculations, an increase in the discharge from the
spring occurred. There are some cases when the discharge of the spring increased when
there was no calculated yield from the water balance, but most of these cases were of
*No data. Records at this station began September 28, 1966.
**through July 20 only.
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minimal extent. The most pronounced occurrence of this type was in mid OctOber 1966.
Measured precipitation at area rain gages varied widely for this stOrm, and it is likely that
precipitation on the watershed was greater than that recorded in the Falling Spring precipitation gage.
Conclusion
In the preceed ing sections of this paper I have shown that there is a correlation between yields predicted from water balances for an area and spring flow from that area.
McCormack Spring is characterized by soils with a relatively large soil moisture stOrage
capacity (estimated at lO.Ocm). Falling Spring presents a considerably different condition.
The soil in this area is shallow, rock outcrops are common, and the soil moisture stOrage
capacity is small (estimated at 2.5cm). A comparison of the predicted yields from these
dissimilar areas and of the hydrographs of the springs, follows.
The tOtal predicted yield from the McCormack Spring water balance for the period
August 1966, to May 1967, equals 19.9cm per unit area. For the corresponding period,
the water balance for Falling Spring indicates a tOta l yie ld of 31.6cm. Precipitation figures
used for the two water balances are slightly different, but not sufficiently to obscure the
differences between ground-water recharge in the two areas. During the August to May
period, when most recharge occurs, the area tributary to Falling Spring produced over one
and a half times as much water per unit area as did the McCormack Spring area.
During years with larger amounts of winter precipitation than in the study year,
the yields per unit area of McCormack Spring more nearly approach those produced on the
54
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Falling Spring watershed. This is because once the soils of both watersheds are sarurated,
flow regimes from the springs become similar. There will, however, always be a difference
in rotal yield per unit area, which should be approximately the difference nared in the
1966-67 study period. It should be noted that the smaller the amount of soil moisrure
srorage, the earlier recharge will begin in the fall, and frequently the later it will continue
into the spring. In fact, as was the case with Falling Spring, if the soil moisture storage
capacity is small enough, some summer storms are capable of producing ground-water
recharge.
As man alters the landscape, he also alters the hydrology of the springs. In some karst
lands, destructive logging, grazing and farming have greatly increased the amount of subsurface water flow; there are ample southern European examples of this. Conversely,
spring flow can be decreased by increasing the rotal soil moisrure srorage capacity of 'the
soil. On an area with a relatively deep soil, if shallow-rooted vegetation is replaced by
deeper rooted vegetation, more water is required ro replenish the depleted soil moisrure
reservoir before runoff can occur. In karst areas where infiltration rates are high, such as
on Hurricane Creek, replacing of a shallow rooted vegetation with a deeper rooted
one can have pronounced effects on the springs of the area. If a shallow rooted vegetation rooting ro such a depth that the soil moisrure storage capacity was equal ro
2.5cm were replaced with vegetation rooting ro a depth such that the soil moisrure srorage
capacity was equal to 1O.Ocm, we would see a change in the hydrograp hy of the spring
draining such an area similar ro the difference between Falling and McCormack Springs.
Conversions of this magnirude have occurred in the past on the Hurricane Creek watershed with replacement of pasrure lands by pine plantations.
I believe that daily water balances such as those presented in this paper will be a major
tool for assessing the effects of land management changes on the underground water regime
of karst areas.
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